The kinetic parameters characteristic of the growth and degradation capacity of 
Introduction
Many toxic monoaromatic compounds are usual representatives of chemicals found in industrially polluted environments. They are produced in very large quantities for use as fuels, solvents, and starting materials for chemical syntheses (1) . As an outcome of this prevalent use, monoaromatics are widespread environmental contaminants. Thirty monoaromatics are listed in the U.S. Environmental Protection Agency's Priority pollutants (2) and 11 of these compounds are in the top 100 chemicals on the Agency for Toxic substances and Disease Registry's Priority List of Hazardous Substances (3).
This work has focused on the biodegradation of three classes of phenol derivatives (o-, m-, p-chlorophenol, o-, m-, p-cresol and o-, m-, p-nitroarophenol).
Understanding the microbial metabolism of these compounds will assist in management methods to minimize their persistence in the environment. Since growth is a result of catabolic and anabolic enzymatic activities, these processes, i.e. substrate utilization, can also be quantitatively described on the basis of growth models.
The specific growth rate of the species that can grow on toxic compounds appears to be subject to control by two competing substrate effects. The specific growth rate µ tends to increase as the substrate is increased (Monod type relationship), but µ also tends to decrease due to the inhibitory effect of S as its concentration is increased. Various kinetic relationships have been devised to depict the joint dependence of µ on S as substrate and S as inhibitor. The Haldane equation has often been used to describe this inhibition, even though the biological phenomena underlying the observed growth kinetics has not been adequately explained (4, 5) .
In our previous work we have reported data about degradation of some phenol derivatives (6) . In this study we present the obtained kinetic parameters characteristic of the growth and degradation capacity of Trichosporon cutaneum R57 strain in rela-
Materials and Methods
Microorganisms and growth conditions. All data for biodegradation kinetics modeling were obtained from batch cultivation of the strain Trichosporon cutaneum R57 (N2414/1994 NBMICC). The cultivation was carried out on the medium for yeast containing 6.7 g/l Yeast nitrogen base without amino acids (YNB w/o AA, Difco) supplemented with each one of the different phenol derivatives as single carbon source. All experiments were done at pH 6.5, and at ambient temperature (28-30 ºC) on a New Brunswick rotary shaker (200 rev/min -1 ). Cell density was monitored spectrophotometrically by measuring the optical density at λ = 610 nm. The strain was not exposed to any of the investigated compounds before cultivation. Analytical methods. The cell free supernatants were analyzed by HPLC performed on a reversed phase C18 column (Lichrosorb RP18, Perkin Elmer) with methanolwater (50:50) liquid phase by using UV detector at 220 nm. If no compounds were detected by this system, the aromatics were considered degraded through ring cleavage.
All chemicals were of the highest purity grade available (Fluka AG, Merck) Kinetic model description. In general, the growth of microorganisms in liquid culture can be described by the simple first-order equation:
where X represents biomass concentration and µ is specific growth rate. The rate of substrate utilization can also be described by the simple first-order equation:
where S is substrate concentrations and 
Results and Discussion
A few species of yeasts are known to grow on or metabolize at low concentrations certain monoaromatic compounds. Kurtz and Crow Jr. had reported a strain of Cadida maltosa able to degrade 5mM resorcinol (7). Krug et al. studied the degradation of phenolic compounds (e.g., catechol, resorcinol, quinol, phenol) by the yeast strain of Cadida tropicalis as sole sources of carbon. On the contrary the yeast could not use the chloro-, methyl-or nitro-phenols as growth substrates. Nevertheless, phenol induced cells were able to degrade m-and p-chlorophenol in concentrations 0.07g/l and 0.065 correspondingly (8) . In our experiments, batch cultivation of Trichosporon cutaneum R57 is conducted in media containing appropriate initial concentrations of the investigated compounds. Trichosporon cutaneum R57 strain degraded up to 0.1 g/l of all monochlorophenols. On the contrary there was found a significant difference in the degradation capacity of the investigated strain in relation to both cresol and nitrophenol isomers. No degradation of o-cresol was observed. A concentration of 0.2 g/l p-cresol was completely degraded whereas m-cresol was degraded to an extent of 32%. In the presence of 0.1 g/l in the medium onitrophenol was less readily degraded than m-nitrophenol but p-nitrophenol was not degraded. As shown in Table 1 , the degradation of the different phenol derivatives is depending on the kind of the group of substitution as well as its positions on the aromatic ring. In this respect our results are in accordance with the data reported by Wasterberg et al. about strains of Arthrobacter chlorophenolicus. Of the chlorophenols tested, strain A6 could only use pchlorophenol for growth, but not o-or mchlorophenols (9). Thomas et al. investigated the degradation of substituted phenols by denitrifying bacterial culture (10) . It was observed that among cresols (0.1g/l), m-and p-cresol were degraded to extent of 45 and 55%, whereas no degradation of ocresol was observed.
In our study for each batch culture with a certain initial phenol derivatives concentrations, the specific growth rate µ was calculated using the experimental data for the biomass concentration over cultivation time in the exponential growth phase. It was evident that the substrate inhibitory (11, 12) . The unknown parameters were estimated by the numerical procedure using the optimization method for direct search. It is well known, that the nonlinear optimization procedure is strongly sensitive to the initial values and the variation intervals of the model parameters. For this reason, the search for the values of the kinetic constants was constrained within boundaries predetermined on the basis of the process knowledge and experimental data. The estimated values of kinetic constants and yield coefficient are given in Table 2 . We selected to show bioparameters characteristic of the representatives of each group phenol derivatives. The kinetic characteristic for phenol biodegradation were given for comparison (13) . The coefficients obtained confirmed the higher toxicity of the investigated phenol derivatives on Trichosporon cutaneum R57. The yield coefficient (Y) was least of all in the medium supplemented with o-chlorophenol where µ max was also minimum. The highest value of K i characteristic of p-cresol assimilation correlated with the ability of Trichosporon cutaneum R57 to degrade up to 0.4 g/l of this compound. The model prediction was compared with experimental data. It was found that the designed model described the trend of experimental data satisfactorily. Computer simulations and experimental data are shown in Fig. 1-3 . In most experiments, a certain amount of lag time was observed before any measurable depletion of sub- strate or growth of organisms occurred. Because the models do not account for this lag time, time zero for modeling was defined as the time when the substrate degradation had started.
Our recent data suggest Trichosporon cutaneum R57 may have an extended role in the degradation of phenolic pollutants in the environment. Accordingly, kinetic study is necessary for improvement of the process control of contaminated soil and wastewater and efficient removal of aromatic compounds.
